Abstract-In this paper, we propose a method of initializing the quantization parameter (QP) in H.264 rate control algorithm based on spatial characteristic of conversational video. Primarily, we choose the fourteen various conversational videos and calculate the complexity of the macroblock (MB) using variance of MB. The spatial characteristic of each video can be quantized by the proportion of the number of complex MB in the first frame. And then we find their optimal initial QPs which can guarantee that video sequences have consistent quality by minimizing the variation of QPs in a GOP, while ensuring the minimizing actual encoding bit rate closer to the target bit rate over various low bit rates. And then we propose the fitted models of optimal initial QPs against spatial characteristic over different low bit rates. The proposed model can be used to determine optimal initial QP to guarantee consistent quality and to meet target bit rate simultaneously. The objective and subjective simulation results show that the proposed method achieves better balance quality than JM10.2 and previous research result.
I. INTRODUCTION
The services based on various multimedia data, such as pictures and videos, has been developed according to the recent development in digital signal processing, storage media and device and transmission technologies including the wide distribution of computers and Internet. In particular, the application of video services has been significantly increased due to the coding technology for huge video data. The video coding standards which cover all kinds of video from low bit-rate applications to high bit-rate applications according to various communication networks and their terminals are established as MPEG-1 [1] , 2, 4 [2] , [3] , H.261 [4] , H.262, H.263 [5] , H.264 [6, 17, 18] and H.265 [20, 21] .
Rate control (RC) [6] involves adjusting encoding parameters in order to achieve a target bit rate. The most obvious parameter to be adjusted is the quantization parameter (QP) since increasing QP reduces coded bit rate (at the expense of low decoded quality) and vice versa. And the initialization of rate control is a very important section in the rate control strategy. It includes selecting an initial QP for the first instantaneous decoding refresh (IDR) picture in a video sequence. However, unfortunately, there are few works about how to decide the initial QP value of video sequences. In JVT-G012 [7] , the initial QP is decided by the number of bits per pixel (BPP) which is determined according to bit rate, frame rate and frame resolution. However, this method does not take into account features and complexities of video sequences. Therefore, video sequences reconstructed after the method JVT-G012 [7] can be in low quality or the quality of reconstructed video sequences can be changed extremely. In order to make up this problem, Wang [8] and Wu [9] propose to use the characteristics of video sequences as well as BPP to determine the initial QP. However, their methods do not consider reconstructed video sequence quality balance and the provided parameters cannot be applied any video sequence.
In addition, RC [6] is widely applied in the real-time video communication. Due to the complexity of algorithm, it is very challenging to apply this standard to design a conversational video communication system. Moreover, real-time video communication also is limited at hardware and the lower bandwidth of the communication environment. Therefore, it is desired to decide the optimal initial QP according to spatial characteristic of conversational video.
In order to solve the existing problems, we propose a novel method to decide an initial QP [16, 19] in low bit rate for real-time video communication. Primarily, in order to realize the goal of proposed algorithm, we find the fourteen various conversational videos and identify the complexity of the MB using variances of MB. The spatial characteristic can be quantized by the proportion of the number of complex MB in the first frame. And then we find their optimal initial QPs which can guarantee to generate video sequences with consistent quality by minimizing the variation of QPs in a GOP, while ensuring the minimizing actual encoding bit rate closer to the target bit rate in various low bit rate. And then we propose the models, which are in different low bit rate, to express the relationship of spatial characteristic and optimal initial QP.
The rest of the paper is organized as follows： Section 2 shows the existing method of initial quantization parameter determination. Section 3 explains the proposed method in details. Section 4 represents the results of experimental analysis. Finally, Section 5 shows the conclusion of this study.
II. EXISTING METHOD OF INITIALIZATION QUANTIZATION PARAMETER DETERMINATION
In this section, we review two methods which are used to decide initial QPs in recent literatures: the method of JVT-G012 [7] and the method of Wu [9] . The method of JVT-G012 [7] that can automatically decide an initial QP is widely used in reference software of H.264 [7] [10].The method of JVT-G012 [7] uses only BPP to determine an initial QP, while the method of Wu uses the characteristics of video sequences as well as BPP.
In the method of JVT-G012 [7] , an initialization QP can be determined according to BPP as follow: 
where P initialQ is an initial QP value to encode the first I-frame. Initially, we work out the value of BPP through R , f and S V being the bit rate, frame rate and the size of image of tested video sequence in (2) . Secondly 1 L , 2 L and 3 L are the parameters. Moreover, the values of parameters are defined to 0.1, 0.3 and 0.6 for QCIF video sequences and 0.2, 0.6 and 1.2 for CIF video sequences and 0.6, 1.4 and 2.4 for other type of video sequences respectively in the H.264 reference software JM10.2 [10] . Although this initialization scheme is simple, yet it is not accurate enough.
In the method of Wu [9] , the value of P initialQ is computed on the basis of BPP, the MAD value of the first IDR frame and the average MAD value of the second, third and fourth frames which are inter frames in video sequence as follows: (2) and calculate the value of P initialQ using (3). The parameters used in the method of Wu are calculated by using News, Foreman and Mobile video sequences. Although they have different spatial and temporal characteristics, it is difficult to say that they represent a large number of video sequences. Moreover, this method has not considered image quality balance of GOP.
III. PROPOSED METHOD FOR INITIAL QUANTIZATION PARAMETER DETERMINATION

A. Spatial Characteristic
In this paper, the initial QP of RC [6] is calculated according to the complexity of video sequences and given target bit rate. Due to the target bit rate is given, we only need to provide the computing method of spatial complexity of sample video sequences.
In H.264, the smallest encoding domain is MB. Since the variance of a MB corresponds to total energy of the AC coefficients of the MB, it can be used to measure the spatial complexity of the MB. Thus, we use the variance to identify the high and low complexity of the MB [12] 
where the variance MB is the variance of MB and ( , ) Y i j is the luminance value of the pixel at (i, j). The complexity of an MB can be classified as high or low according to its variance as follow:
where T is threshold that is set to 92735. Base on this idea, we can calculate the spatial complexity of the first Iframe according to the proportion of the number of complex MBs in the first I-frame as follow: 
B. Optimal Initializing Quantization Parameter
The target of sample video sequences is the optimal initial QP at the given target bit rate. Therefore, the selection method for the optimal initial QP is introduced.
On the basis of RC algorithm of H.264 [6] , the initial QP and target bit rate bear direct relevance for performance of encoding. The strategy of this proposed method is that the reconstructed video sequences have consistent and superior quality and the actual bit rate is the least and closer to target bit rate in various tested target bit rates by the optimal initial QP. In order to realize this algorithm, primarily, we obtain average PSNR and bit rate of front 60 frames of testing sample video sequences and the differences of QPs in a GOP of 52 initial QPs of given the target bit rate. The PSNR, bit rate and differences of QPs represent picture quality, amount of data and stationary quality of a GOP. Therefore, we can calculate the optimal initial QPs of given the target bit rate of all sample videos according to pick up the specific initial QP that can be used to generate the maximum PSNR and minimums of bit rate and differences of QPs. However, the PSNR, bit rate and difference of QP are not same magnitude. As a result, PSNR, bit rate and difference of QP should be respectively normalized. The process of normalization is expressed as follows: In JVT-G012 [7] and the method of Wu [9] , the relationship that is image quality and bits of reconstructed video sequence and initialization quantization parameter is considered. Moreover, the image quality and bits are important. This means that JVT-G012 [7] and the method of Wu [9] are the special case of (12) . So the value of weight is 1 2, 0       . However, in our research, we find the image balance of reconstructed video sequence is important with image quality and bits. So we set the value of weight is 1 = 3     .
C. Proposed Model
In general, real-time communication video have a critical feature that is spatial characteristic is very importance. In RC algorithm, the relatively high initial QP is used to process the video that has high spatial complexity and the relatively low initial QP is used to process the video that has low spatial complexity. The low and high spatial complexities mean spatial characteristic. So the optimal initial QP and spatial characteristic have a linear relation. According to this feature, we propose a linear model that can express the linear relation about the optimal initial QP and spatial characteristic. To arbitrary test conversational video, we can calculate the spatial characteristic by (8) ; the optimal initial QP can be predicted by proposed linear model. In order to improve the accurate rate, we find the all standard conversational video sequences from [11] . They are Mother-daughter, Silent, Foreman, and Paris. And then we capture the other conversational videos from YouTube. They are American, Doctor, Debate, Open course, Obama, Player, Key time, Football player, Wang and Kang. We calculate their spatial characteristic by (8) and calculate their optimal initial QP by (12) . So the linear model can be express to (13 [7] and [9] . In order to test the generalization performance of our algorithm, we use Miss-American and Carphone that are standard test video sequences. The B-picture is not included due to the use of the H.264 baseline profile, and 15 pictures are configured as one GOP in which each video applies 60 pictures. The same number of slices is used for each picture and is determined by 18 along the vertical direction. The range of test target bit rates (units: Mbps) are from 0.4, 0.6, 0.8 and 1.0. And then we calculate the initial QP according to spatial characteristic and (13) and value of parameter using TABLE 1 according to bit rate.
A. Measurement of the Objective PSNR
The PSNR (peak signal to noise ratio) that is an objective picture quality criterion is investigated in the paper. In order to evaluate the PSNR and bit rate performances quantificationally, the following two measurements are used in this paper. 
 
where Rt is the actual bit rate of the proposed method, JVT-G012 [7] and the method of Wu [9] , and Rb is the actual bit rate of JVT-G012 [7] . We average the PSNR and the R  values obtained at various target bit rates for each of the test video sequences and list the averaged results in TABLE 2. From the average PSNR results in TABLE 2, we can see that the proposed method can achieve the better PSNR performance than the other two methods in all situations. And from the average R  result, we can see that the proposed method can achieve better bit rate performance than others in all situations. The average actual bit rate of the proposed method is the least and closer to the target bit rate. As a result, we can find out that the proposed method is more effective than others and it also has the generalization characteristic.
In particular, the prominent point of the proposed method is that it generates a reconstructed video sequence without extreme changes of quality in GOP. We use the difference of quantization parameter of images of GOP to express balance property of quality of reconstructed videos. The smaller value of difference of quantization parameter can indicate that the reconstructed video sequence quality is more consistent in GOP. Conversely, the reconstructed video sequence quality is not steady. In Figure 1 , we can see that the proposed method achieve the smaller difference of QPs than JVT-G012 [7] and Wu [9] in the most case. 
B. Measurement of Subjectively Concerned Picture Quality
In this paper, we used DSCQS (Double Stimulus Continuous Quality Scale) method to measurement of subjectively concerned picture quality [13] . According this method, the assessors can observe two videos that one is an original video and the other is a processed video by existing method or proposing method at the monitor. Assessors evaluated pictures quality of both videos using an ITU-R quality scales (Excellent=5, Good=4, Fair=3, Poor=2, Bad=1) [14] .
The presentation order of original and process videos was random. The assessors are asked to evaluate the videos and sequence. And assessors are distanced from the video as much as three times of the diagonal length of the monitor used in the play of videos. Final score of subjectively picture quality of assessed video was calculated as follows:
where i u is score which is determined by each assessor, N is quantity of assessor.
In the results, we know the proposed method gains the best grade in three methods. Due to this we use proposed method to achieve the reconstructed video sequence with highest quality and reconstructed video sequence quality without extremely change of GOP. Figure 2 and 3 show worst image quality of reconstructed video sequence in GOP with three different methods for Carphone and Foreman videos as the bit rate is 0.4Mbps.
As the result we can see that the quality of image of Figure 2 and 3(c) are too crude to clearly see the contents of image. However, in TABLE 2 (a), it achieves the PSNR is similar to other methods. This due to PSNR is an average value of 30 pictures in video sequence. In first 15 Images, from number 0f 0 to 10, the quantization parameter range is from 29 to 32. However from number of 11 to 14, the value of quantization parameter is 46.
As we measure the quality of video, we should use the objective PSNR and subjectively concerned picture quality.
V. CONCLUSIONS
In this paper, we propose a method of initializing the QP in H.264 rate control algorithm for conversational video according to the model that expresses the relationship of spatial characteristic and optimal initial QP. Our main contribution is that the various difference type conversational video is researched and standard test video sequence data base is enlarged. The spatial characteristic can be calculated by variance of MB. And then we find their optimal initial QPs which can guarantee to generate video sequences with consistent quality by minimizing the variation of QPs in a GOP, while ensuring the minimizing actual encoding bit rate closer to the target bit rate in various low bit rate. Experimental results demonstrate that the proposed method can achieve better PSNR performance within the bit rate constraint and more stable quality of reconstructed video sequences than the other two rate control initialization algorithms [7] and [9] . The proposed method also shows a generalized performance. 
